Arginine 387 of human isovaleryl-CoA dehydrogenase plays a crucial role in substrate/product binding.
Isovaleryl-CoA dehydrogenase (IVD) is a homotetrameric flavoenzyme, which catalyzes the conversion of isovaleryl-CoA to 3-methylcrotonyl-CoA and transfers electrons to the electron-transferring flavoprotein, and is a member of the acyl-CoA dehydrogenase (ACD) enzyme family. Human IVD crystal structure with a bound substrate analogue shows the guanidino group of Arg387, a conserved residue among other members of the ACD enzyme family, juxtaposed to a phosphate oxygen of the 4'-phosphopantothiene moiety of the substrate analogue. Site-directed mutagenesis was used to investigate the role of Arg387 in substrate binding and enzyme function. Replacing this residue with Lys, Ala, Gln, or Glu resulted in stable proteins. Spectrophotometric substrate binding assays indicated that the Arg387Lys mutant was able to form the charge-transfer complex intermediate with similar efficiency to wild type, while the rest of the mutants were significantly less able to properly form this intermediate. However, the Km of the isovaleryl-CoA for the Arg387Lys mutant was 20.3 compared to 1.5 microM for the wild type. The Km for the rest of the mutants were 75.6, 195, and 550 microM, respectively. The catalytic efficiency per mole of FAD was 20.3, 3.3, 2.0, and 0.34 for the mutants, respectively, compared to 260 microM(-1) x min(-1) for the wild type. These results substantiate the important role of Arg387 in anchoring the substrate, and are consistent with the hypothesis that residues distant from the active site are important for stabilizing the enzyme:substrate/product complex, and could play an important role in the mechanism of the enzyme-catalyzed reaction.